| Scientific paradigm violations are common in the medical literature. This article aims to describe the principles that should guide scientific thinking, such as the philosophy of skepticism, the consideration of multiple hypothesis, epidemiological criteria to demonstrate association, concern
Introduction
Unlike the title expressed, this text is not limited to the question of the possible causal link between Zika and microcephaly. We will treat this subject as a practical and contemporary example of a major phenomenon: epistemic arrogance.
The growth incidence of Zika in Brazil in 2015/2016 and apparently microcephaly, constitute an interesting history of hypothesis generation: Zika causes microcephaly. At that time, this hypothesis was transformed into indisputable truth in scientific publications and the lay press, sounding like science fiction.
Science fiction is a pertinent and paradoxical term. Paradoxical, as science is not fiction; this paradox is quite prevalent. This paradox translates the classic and quite common violation of the scientific principle of the null hypothesis. To this lack of humility in recognizing uncertainty, Nassim Taleb 1 , a scientist of uncertainty at the University of Massachusetts, calls epistemic arrogance, a common phenomenon of the human mind, that for evolutionary reasons, tends to underestimate the uncertainty that is present in hypotheses. This phenomenon became more evident when the conviction force of affirmations in favor of the causal relationship between Zika and microcephaly grew exponentially, despite the absence of real evidence.
At the time, there were numerous print and television reports, in which categorical claims by journalists were backed up by statements by professionals alleged to have authority to speak on the subject. They started recommending 2 that women with longer fertility (up to 30 years) postpone their pregnancy plans, while women with less time could do so. In parallel, in a press release, the Ministry of Health 3 confirmed the relationship between Zika and microcephaly, based on a case report 4 of virus detection in a newborn who died.
There were also those who recognized the need for definitive proof, but they spoke with the connotation of fact. They said that "everything indicates", while recommending "preventive measures" (which measures?). Apparently, they were preserving the principle of the null hypothesis, but used this principle to generate a more credible scientific appearance, without realizing that they had already rejected the null hypothesis when they made the world behave as if causality was proven.
The null hypothesis
We need to reflect on the harm versus the advantages of precipitous rejection of the null hypothesis. In general, scientific thinking considers that Type I error (claiming something false -tolerance of 5%) is scientifically more serious than Type II error (not stating something true -20% tolerance). This should have been a valid reflection for that moment.
Karl Popper 5 , the greatest scientific philosopher of the last century, proposed that the proof of a hypothesis must go through the process of trying to refute it. We must begin by believing in nullity and changing our minds when the evidence in favor of the phenomenon goes beyond a lower threshold of doubt. The Zika and microcephaly case showed that we still do not understand what Popper proposed, the role of the null hypothesis. Thus, scientific myopia prevails, with its various components to be described below.
The scientific myopia
Considering that the proper fight against Zika should occur independently of the creation of pseudoscientific facts, we need to reflect whether this scientific myopia brings (individually and culturally) more benefits or losses. Scientific myopia is evident when we observe the great gap between everyday human thinking and scientific reasoning. In the history of mankind, only recently the "scientific thinking" has been contributing to our individual survival, whereas, in relation to the survival of the species, there has not yet been sufficient time for the "thought" to contribute. Our natural selection was not made for the ability to think, but for the ability to run. Maybe those who thought died more (because they ran less). For this reason, being skeptical and questioning is not our natural state, we need to condition ourselves to the scientific paradigm.
In fact, some think that science is one thing, practical life is another. At the time, in an article published in Folha de São Paulo 6 , the representative of PAHO (Pan American Health Organization) in Brazil, stated that "I have no doubt of the link between Zika and microcephaly", and "possibly some scientists believe that it is necessary more evidence, but as a public health professional I have no doubt. " These statements illustrate this thought well.
The sentences propose a gap between science and practical life. It is necessary to understand that science is nothing more than the most honest way of portraying nature, since the scientific method does not serve to create knowledge but to describe the world, preventing itself against scientifically recognized phenomena: cognitive biases, biases of observation and effect of a chance.
Uncertainty myopia
We understand it is difficult to recognize the uncertainty, present in all activities, not only at the academic field, but specially to laypeople. A decision must be taken within this context, facing without hiding them under false concepts, practicing the statistical thinking. Descartes had affirmed all is doubtful, nothing could consider a priori as right, except: "since I think, I exist", basis of Cartesian thought. Benjamin Franklin, following the same thought, said, "in this world nothing can be said to be certain, except death and taxes." In uncertainty myopia, we don't recognize how much thoughts that "make sense" are uncertain. Our logic must serve as a basis to give plausibility to a hypothesis, not to generate facts (except extreme plausibility). Hypothesis medicine is full of examples that appear to make sense, although it shows opposite differences to logical beliefs, despite being uncertain. We tend to believe since we have some way to explain.
At that time, it made sense suppose that Zika infection was responsible for the rising number of microcephaly cases, by three reasons: some virus can impair nervous system embryogenesis during the first pregnancy trimester; the cases of Zika infection had increased; microcephaly cases had also increased. Given those facts, was concluded that Zika infection causes microcephaly, forgetting that makes sense is not the same as being a fact. Experts who made confident or almost confident statements of this fact did not realize the degree of uncertainty in these statements.
Hypotheses myopia
This is a cognitive bias caused by a retrospective analysis of the history of scientific findings.
Retrospectively, the world had a platonic aspect that seemed like everything used to make a lot of sense before the evidence. Although for each proven explication based in evidences there were plenty of hypothesis before them and not always the one who sounded more logical were the one that prevailed. The hypothesis that are not proven will be forgotten, lasting only the winner hypothesis as part of the narrative of the history, suggesting that a discovery was made for a single one hypothesis created, that was verified and proved.
In fact, for each discovery, numerous hypotheses have been rejected; commonly the most likely is among these. Usually, the favorite hypothesis is more likely to win than to lose. Being the most likely does not mean to be very likely.
Observe an Olympic marathon winner. Unlike 100 meters, this type of proof has the result influenced by a more complex process. It is almost unpredictable to know who will win; in fact, everyone is almost as likely. On the other hand, after the race is over, the winner wins the title of being the best and it makes a lot of sense that he was the winner. We always find explanations, talent, training, etc. After the result, our mind overestimates the previous probability of that result.
The causes of congenital microcephaly are complex and multifactorial, including chromosomal abnormalities, exposure to chemicals or toxins, intrauterine infections, craniosynostosis, maternal diseases7 and environmental factors8. Just to name a few.
This lack of understanding has led people to overestimate the likelihood that Zika is the explanation for microcephaly, to the point that it is confirmed or strongly suggestive. This is a narrative fallacy when any important event gains an obvious explanation after it occurs.
Epidemiological myopia
Epidemiological myopia is characterized by confusion that exists between the basic concepts of coexistence and association. The term "association" (or relationship) was the most commonly used term by numerous experts and journalists in publications on zika and microcephaly9. However, it was misused because this is an example of coexistence and not of association4. The fact that a woman whose child was born with microcephaly could have had a Zika virus infection in the first trimester, or the fact that the virus was identified in some newborns with microcephaly wasn't an association because there was no silent evidence, or that is, cases of normocephalic child with history of Zika in pregnancy and cases of microcephaly without a history of Zika.
To characterize an association, it is essential to estimate the proportion of children with microcephaly whose mothers actually had Zika infection during pregnancy compared with the proportion of children who were born normal whose mothers also had the disease during pregnancy (case-control study). Without these data, we could not speak of association nor causality. At that point, we were very far from what could be considered probable and still much further from the rejection limit of the null hypothesis. Even if the association was proven, this would be the first step in demonstrating causation. There are many true but non-causal associations.
Regarding temporality, this is another epidemiological myopia because we know that temporal association is a great fallacy. Events can grow or fall together without any causal relationship. The book Spurious Correlations 10 gives us interesting examples of the fallacy of temporal association 6 .
Statistical myopia
This is the most common of myopia, which stems from the lack of awareness that we need a denominator to quantify the risk of outcomes. This denominator was not presented in the doctors' testimonials or press reports.
Data from a growth in the number of microcephaly registrations were reported from 30 to 1.200 cases in three months. This was quite frightening, as numbers in excess of thousands carry the connotation of great risk. The pregnant women panicked! However, risk is a probability arising from total outcomes divided by the total number of people vulnerable to the outcome. Dividing 1.200, which corresponds to the number of suspected microcephaly cases (outcomes) detected in the last three months of 2015, by the average number of live births in Brazil (vulnerable to the outcome) in this period (around 600,000), we will reach a 0.19% risk of a child being born with microcephaly for all possible causes, not just for Zika. If we consider the optimistic scenario that half of these cases were due to Zika, we would say that 0.095% was the risk of Zika microcephaly.
The Zika virus causes mild febrile acute illness, and since its discovery until 2007, only rare cases of Zika virus infection have been confirmed in Africa and Southeast Asia. In the major epidemic on Yap Island in Micronesia 11 , the rate of infection was estimated at 73% (3/4 of the population), with 61% women and no reference to pregnant women. No cases of hospitalization or death were reported either. So why so much panic?
The panic resulted from the binding of Zika virus with microcephaly. From the identification of the outbreak in Brazilian territory and the concomitance with the increase of microcephaly cases manifested by an increase of 20 times incidence 12 in 2015 compared to the number notified in 2014, the Ministry of Health admitted a causal relationship 13 . There was no definitive proof of any causal relationship 14 , apart from the fact that until that moment, no other flaviviruses were associated with central nervous system teratogen. Nevertheless, some publications have assumed a strong probability of the causal relationship between these two entities 15, 16 .
Statistical myopia made doctors recommend that women not get pregnant. They forgot that the set of other possible infections that could cause sequelae in babies far outweighed the risk of Zika microcephaly.
What Kant would say?
According to Kant 17 , the interpretation of reality is involuntary and strongly influenced by the unconscious. Cognitive psychologists later confirmed his philosophy. Regarding the microcephaly "epidemic", Kant would probably justify the increase in the number of cases due to a cognitive-influenced perception problem of people already influenced by the trend. This reasoning may seem too skeptical to suggest that the problem does not exist, but it becomes perfectly plausible when we think of the possibility of overestimation of the problem.
The health professionals involved in the diagnosis of microcephaly were involuntarily biased by the trend, which implied a notion of increased pretest probability, in addition to the cognitive comfort that presents itself when it becomes more comfortable to laud according to the outside world than to do it independently. This increases sensitivity over specificity by generating a trivialization of diagnoses.
Microcephaly refers to a cranial circumference with more than two standard deviations below the average for the child's age and gender 7 . However, establishing the microcephaly criterion above three below-average standard deviations, as proposed by the ECLAMC18 would increase specificity by reducing the iatrogenic potential of newborn brain radiation during CT for diagnostic confirmation. In addition, it would help alleviate the emotional effects of parents who receive a false-positive screening assessment and reduce the burden and costs of an already overburdened health system 14 .
There was subjectivity in many cases. Prenatal diagnosis is difficult before the third trimester of pregnancy and is usually made by ultrasound 19 . Earlier there was little talk of the problem, so the sensitivity of sonographers was not focused on it. From the disclosure of the cases, the main idea that was in the mind of these and the pregnant woman before the examination is that there were signs of microcephaly.
In the public health care system, less pregnant women were likely to have ultrasound, so it is very plausible to believe that in the past there was underreporting. In an interesting article published in Estadão 20 , biologist Fernando Reinach made a parallel between the cases of microcephaly that occur in the United States and those that were reported in Brazil. The Ministry of Health reported that in 2014, 147 cases were reported. If we estimate that 3 million births occur each year in Brazil and that the frequency of microcephaly is similar to what occurs in the US21 (0.6% annually), 19 .250 children with microcephaly should be born. Thus, there was plausible underreporting in the past and overreporting at the time of the outbreak.
Update of the evidences for 2018
After three years since the epidemic infection of Zika virus and the increase of the number of microcephaly cases in Brazil, the researchers are still searching for answers to those epidemiological questions. At first, the concern was to identify the causal factor and a series of possible etiologies that had been published. Besides the congenital infection by the Zika virus, the exposition to pesticides, vaccines during pregnancy and, naturally, the overdiagnosis for microcephaly were suggested. Subsequently some in vitro and animal models evidences 22, 23 , which demonstrated the presence of viral RNA in many tissues of infected females' brooding, especially in the brain, the research spotlight changed from the etiology to the biological mechanisms. However, various questions currently remain without answers, such as risk factors, physiopathology, maternal-fetal disease transmission time, including the mechanisms of the fetal brain damage and microcephaly, and the role of other cofactors, like viral load, viremia duration and host genetic.
An ecological analysis 24 demonstrated that despite the uniform distribution across all the country regions, was in the Northeast where the majority number of microcephaly cases occur. Not by coincidence, this region is the one with more poverty and an increased risk of domestic Aedes aegipti as result of the larvae breeding grounds facilitated by the human actions. Some authors defend the hypothesis of that the expansion of the microcephaly occurrence may not be related only to Zika virus, but also connected to the poverty and previous coinfection to other pathogens (Dengue virus, Chikungunya virus, etc.) 25, 26 .
Some prospective work begins to sketch clues to the true association between Zika and microcephaly [27] [28] [29] [30] [31] [32] [33] but embracing cohort studies will be needed to clarify many existing gaps. In a literature review ( Table  1) we found that the vast majority of publications on the subject are case reports, case series and reviews. We found only 7 prospective studies, including 1 cohort 34 and 2 case-control 35, 36 , evaluating gestational outcomes. These studies show that there is evidence that Zika virus has the ability to cross the placental barrier and infect neural progenitor cells in the developing fetus, as in animal models, causing congenital problems particularly in the first trimester [37] [38] [39] . There is also some evidence of Zika neurotropism by the human adult central nervous system related to Guillan-Barré Syndrome, but these findings are equally temporary [40] [41] [42] [43] [44] . Confirmation of this neurotropism requires more case studies and other evidence needed for a causal association.
Others retrospective studies evaluated outcomes in newborns or children from mothers that were presumably infected during pregnancy [45] [46] [47] 16 . These types of studies, related to the inclusion of newborns or infants, increase the probability of reminiscent bias by the mother (remember similar symptoms of the Zika virus infection), being plausible that some woman or children could had been infected after birth and not during the pregnancy. Furthermore, the abovementioned studies limit the comprehension of the Zika virus infection during gravidity.
Despite the dearth of robust observational studies, many publications continue to suggest, based on beliefs, the causal association between Zika and microcephaly 48, 49, 15, 4, 23, 50 . Some based on Shepard teratogenicity 46 or Bradford Hill causality criteria 47 (not all satisfied), while others based on retrospective data providing risk and lethality estimates 37, 44, 38 . However, these estimates were based on small sample sizes, large confidence intervals, lack of control for confounding effects, and lack of assessment of other adverse outcomes such as other brain abnormalities.
Zika virus infection has been spreading worldwide and is endemic in many countries in Asia and Africa, with many asymptomatic exposures, including in pregnant women. However, there is no infected newborn born from an infected mother, nor is microcephaly a problem in these regions 48 . What is the reason for the high prevalence of microcephaly in babies born to mothers infected with Zika virus in South America? Cohorts developed in other regions of Brazil and Latin America may provide further evidence on whether there are variations in risk according to the location studied and, if so, what is the reason for these variations.
These and other questions should be answered by large prospective studies that are in progress subsidized by the World Health Organization, the Medical Research Council, the Welcome Trust, the British Department for International Development, the Horizon platform 2020 of the EU and the USA.
But we must be aware of the greater peculiarity of this scientific question: the null hypothesis was hastily rejected, making room for the biases of confirmation and publication.
